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(54) WATER-ABSORBING RESIN AND PRODUCTION THEREOF 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a water-absorbing resin which is excellent in water 
absorption ratio both under normal pressure and under a high pressure and also excellent in 
urine resistance. 

SOLUTION: This water-absorbing resin is obtd. by subjecting a hydrophilic unsatd. monomre (e.g. 
an acrylic acid-sodium acrylate mixture) to water-base soln. polymn. in the presence of an 
internal cross-linker and a phosphite, mixing the resultant water-absorbing resin precursor with a 
surface cross-tinker having groups reactive with carboxyl groups of the precursor, and heating 
the resultant mixture. The resin absorbs 36 g/g or higher physiological saline under normal 
pressure and 24g/g or higher under a high pressure and has a flow rate (16hr after absorbing 
artificial urine) of 1 mm/min or lower. The physiological saline absorption under a high pressure is 
measured with an apparatus comprising a balance 1 , a vessel 2, an outside-air intake pipe 3, a 
tube 4, a glass filter 6, and a measuring section 5. 
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Japanese Unexamined Patent Publication 
No. 179008/1991 (Tokukaihei 9-124710) 

A. Relevance of the Above-identified Document 

The following is a partial English translation of 
exemplary portions of non-English language information 
that may be relevant to the issue of patentability of the 
claims of the present application. 

B. Translation of the Relevant Passages of the Document 

See also the attached English Abstract. 

[Title of the Invention] 

WATER ABSORBING RESIN AND PRODUCTION METHOD 
THEREOF 

[Claims] 
[Claim 1] 

A production method of a water-absorbing resin, 
comprising the steps of (i) performing, in the presence of 
internal cross-linking agent and phosphorous acid and/or 
its salt, aqueous polymerization using a hydrophilic 
unsaturated monomer so as to produce a water-absorbing 
resin precursor, the hydrophilic unsaturated monomer 
mainly containing acrylic acid and/ or its alkali metal salt, 
and (ii) adding, to the water-absorbing resin precursor, a 
surface cross-linking agent that is reactive with a carboxyl 
group contained in the water-absorbing resin precursor, 
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and treating the mixture with heat. 



[Claim 2] 

The production method as set forth in Claim 1, 
wherein the internal cross-linking agent is used within the 
range of from 0.02 mol% to 3 mol% with respect to the 
hydrophilic unsaturated monomer. 

[Claim 3] 

The production method as set forth in one of Claims 
1 and 2, wherein the phosphorous acid and/ or its salt is 
used within the range of from 0.01 % to 5 % by weight 
with respect to the hydrophilic unsaturated monomer. 

[Claim 4] 

The production method as set forth in any one of 
Claims 1, 2 and 3, comprising the step of performing the 
aqueous polymerization using persulfate. 

[Claim 5] 

A water-absorbing resin, having (i) an absorbency of 
36g/g or greater with respect to physiological saline under 
no pressure, (ii) an absorbency of 24g/g or greater with 
respect to physiological saline under high pressure, and 
(iii) a flow rate of 1 mm/min or less at a time after 16 
hours have passed since artificial urine was absorbed. 



1 
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[Detailed description of the invention] 
[0001] 

[Industrial field of the invention] The present invention 
relates to a water-absorbing resin and a production 
method thereof. In particular, the present invention 
relates to a water-absorbing resin that is (i) excellent in 
absorbing ability both under no pressure and under high 
pressure, (ii) excellent in urine-resistibility, and (iii) is 
especially suitable for sanitary material. The present 
invention also relates to a production method of the 
water-absorbing resin. 
[0002] 

[Prior art] In recent years, water-absorbing resin has been 
widely used for various purposes, not only for sanitary 
material (e.g., paper diapers, sanitary napkins) but also 
for medical use (e.g., body fluids absorbing material), for 
civil engineering and construction (e.g., sealing member 
(water-shutoff member), dew condensation preventor), for 
food (e.g., freshness-keeping agent), for industry (e.g., 
dehydrating agent for eliminating water from solvent), or 
agriculture and gardening (e.g., greenery). A variety of 
water-absorbing resins suitable for the respective 
purposes have been suggested. 

[0003] However, ordinary water-absorbing resin has 
inferior water absorbency under pressure, although its 
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absorbency under no pressure is high. Therefore, the 
water-absorbing resin cannot provide sufficient 
absorbency in the case where the water-absorbing resin is 
used for water-absorbing material on which high load is to 
be applied while being used (e.g., a paper diaper for adults 
that has been increasingly demanded in recent years). 
Accordingly, there has been a demand for resin that 
exhibits excellent absorbency under pressure, especially 
under high pressure, while maintaining high absorbency 
under no pressure. 

[0004] Further, with respect to pure water and 
physiological saline, ordinary water-absorbing resin 
constantly exhibits high absorbency for a long period of 
time. However, with respect to urine, it has been known 
that the ordinary water-absorbing resin exhibits a unique 
phenomenon. Specifically, a gel that has absorbed urine 
and therefore has swelled is deteriorated and destroyed as 
time passes by. Therefore, in order to utilize the 
water-absorbing resin as a water-absorbing material (e.g., 
paper diapers), it is strongly demanded that the durability 
of swelled gel having absorbed urine is improved while 
excellent absorbencies both under no pressure and under 
high pressure are maintained. 

[0005] One method of improving the resistance (the 
durability will be referred to as urine-resistibility 
hereinafter) of the water-absorbing resin against urine is a 
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method in which the amount of cross-linking agent to be 
used in polymerization is increased so as to increase the 
cross-linking density of the water-absorbing resin. This 
method, however, requires high production costs and only 
produces a water-absorbing resin that exhibits 
significantly reduced absorbency under no pressure. 
[0006] There has been suggested another method of 
improving the urine-resistibility of the water-absorbing 
resin. Specifically, a particular additive is added to the 
water-absorbing resin. Examples of the additives include: 
an oxygen-containing reducing inorganic salt (Japanese 
Unexamined Patent Publication No. 63-118375, U.S. 
Patent No. 4863989, U.S. Patent No. 4972019); an 
anti-oxidant (Japanese Unexamined Patent Publication No. 
63-127754); an oxidant (Japanese Unexamined Patent 
Publication No. 63-153060); and reductant containing 
sulfur (Japanese Unexamined Patent Publication No. 
63-272349). However, regardless of which one of the 
additives is used, the urine-resistibility and handiness 
cannot be improved to a satisfactory level. Moreover, the 
absorbency, both under no pressure and under high 
pressure, of the water-absorbing resin decreases. 
[0007] Further, there has been suggested another 
method of improving the urine-resistibility of the 
water-absorbing resin. Specifically, a particular compound 
is added during polymerization. Examples of the above 
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method include: polymerization performed in the presence 
of a particular amount of chain transfer agent and a 
particular amount of cross-linking agent (Japanese 
Unexamined Patent Publication No. 2-255804, Japanese 
Unexamined Patent Publication No. 3-179008, EP Patent 
No. 0372981), polymerization performed in the presence of 
hypophosphorus compound (Japanese Unexamined Patent 
Publication No. 2-300210), and polymerization performed 
in the presence of water-soluble phosphoric acid type 
compound (Japanese Unexamined Patent Publication No. 
5-97929). 
[0008] 

[Problem to be solved by the invention] These methods 
can improve the urine-resistibility of the water-absorbing 
resin. However, none of the methods can provide a 
water-absorbing resin that exhibits high absorbency under 
high pressure. 

[0009] Thus, the conventional water-absorbing resin is 
inferior in at least one of the absorbency under no 
pressure, the absorbency under high pressure, and 
urine-resistibility. Therefore, it has not been realized a 
water-absorbing resin that is excellent in the absorbency 
under no pressure, the absorbency under high pressure, 
and urine-resistibility. 

[0010] For this reason, there has been a demand for a 
water-absorbing resin that is excellent in all of (i) the 
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absorbency under no pressure, (ii) the absorbency under 
high pressure, and (iii) the urine-resistibility. 
Furthermore, a production method of the water-absorbing 
resin has also been demanded. In other words, the present 
invention is in view of the above conventional problems, 
and has as an object to provide a water-absorbing resin 
that is excellent in absorbency, both under no pressure 
and under high pressure, and in urine-resistibility. The 
present invention has another object to provide a 
production method of the water-absorbing resin. 
[0011] 

[Means for solving problem] In order to achieve the 
above objects, the inventors of the present application 
have diligently researched a water-absorbing resin and a 
production method thereof. As a result, the inventors 
found that a water-absorbing resin excellent in 
absorbency, both under no pressure and under high 
pressure, and in urine-resistibility can be produced by (i) 
performing, in the presence of internal cross-linking agent 
and phosphorous acid and/or its salt, aqueous 
polymerization using a hydrophilic unsaturated monomer 
so as to produce a water-absorbing resin precursor, the 
hydrophilic unsaturated monomer mainly containing 
acrylic acid and /or its alkali metal salt, (ii) adding, to the 
water-absorbing resin precursor, a surface cross-linking 
agent that is reactive with a carboxyl group contained in 
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the water-absorbing resin precursor, and treating the 
mixture with heat. Finally, the present invention was 
completed. 

[0012] That is, in order to solve the above problems, 
the invention of Claim 1, which is a production method of 
a water-absorbing resin, is adapted so that the production 
method of a water-absorbing resin includes the steps of (i) 
performing, in the presence of internal cross-linking agent 
and phosphorous acid and/or its salt, aqueous 
polymerization using a hydrophilic unsaturated monomer 
mainly containing acrylic acid and/ or its alkali metal salt 
so as to produce a water-absorbing resin precursor, and 
(ii) adding, to the water-absorbing resin precursor, a 
surface cross-linking agent that is reactive with a carboxyl 
group contained in the water-absorbing resin precursor, 
and treating with heat. 

[0013] In order to solve the above problems, the 
invention of Claim 2, which sets forth a production 
method of a water-absorbing resin, is adapted so that, in 
the production method of Claim 1, the internal 
cross-linking agent is used within the range of from 0.02 
mol% to 3 mol% with respect to the hydrophilic 
unsaturated monomer. 

[0014] In order to solve the above problems, the 
invention of Claim 3, which sets forth a production 
method of a water-absorbing resin, is adapted so that, in 
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the production method of one of Claims 1 and 2, the 
phosphorous acid and/or its salt is used within the range 
of from 0.01 % to 5 % by weight with respect to the 
hydrophilic unsaturated monomer. 

[0015] In order to solve the above problems, the 
invention of Claim 4, which sets forth a production 
method of a water-absorbing resin, is adapted so that the 
production method of one of Claims 1, 2, and 3 includes 
the step of performing the aqueous polymerization using 
persulfate. 

[0016] The above method enables to produce a 
water-absorbing resin that is excellent in absorbency, 
both under no pressure and under high pressure, and in 
urine-re sis tibility. 

[0017] Further, in order to solve the above problems, 
the water-absorbing resin of the invention as set forth in 
Claim 5 is adapted so that (i) the physiological saline has 
an absorbency 36g/g or greater under no pressure of and 
an absorbency of 24 g/g or greater under high pressure 
and (ii) a flow rate of 1 mm/min or lower at a time 16 
hours have passed since artificial urine was absorbed. 
[0018] With the above arrangement, the 
water-absorbing resin can become excellent in absorbency, 
both under no pressure and under high pressure. 
Moreover, the water-absorbing resin is excellent in 
urine-resistibility. Therefore, the water-absorbing resin is 
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suitable for paper diapers for babies or sanitary napkiris. 
Further, the water-absorbing resin can be utilized for 
sanitary material (e.g., diapers for adults) on which high 
load is to be applied, which sanitary material has been 
increasingly demanded in the recent years. 
[0019] The following describes the present invention in 
detail. In the present invention, the absorbency under no 
pressure means an absorbency of water-absorbing resin 
with respect to physiological saline, which absorbency is 
measured under the condition where no pressure is being 
applied to the water-absorbing resin. The method of 
measuring the absorbency under no pressure will be 
specifically described in the Examples below. 
[0020] On the other hand, in the present invention, 
the absorbency under high pressure means an absorbency 
of water-absorbing resin, which absorbency is measured 
under the condition where a pressure of, for example, 50 
g/cm 2 is being applied to the water-absorbing resin. The 
method of measuring the absorbency under high pressure 
will be specifically described in the Examples below. 
[0021] Further, in the present invention, the flow rate 
after artificial urine absorption is used to evaluate the 
level of liquidification of the hydrate gel the flow rate after 
artificial urine absorption. The flow rate the flow rate after 
artificial urine absorption is calculated on the basis of a 
flow rate at a time when (i) a predetermined amount of 
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artificial urine has been absorbed by the water-absorbing 
resin, and (ii) hydrate gel that is swelled to a 
predetermined magnification has been left under a 
predetermined condition for a predetermined period of 
time (e.g., 16 hours). The flow rate means a distance the 
hydrate gel moves in a unit of time while the container 
containing the hydrate gel is being leaned. Further, the 
artificial urine is an aqueous solution in which urea, 
sodium chloride, magnesium sulfate, calcium chloride, 
and L-ascorbic acid are dissolved in such a way that the 
respective ratios thereof are approximately equal to that 
in natural urine. By using the flow rate at the time when 
the artificial urine has been absorbed, the 
urine-resistibility of the water-absorbing resin is 
evaluated. Specifically, if the flow rate at the time when 
the artificial urine has been absorbed is fast, then it is 
determined that the water-absorbing resin is significantly 
deteriorated by the artificial urine and therefore is inferior 
in urine-resistibility. The method of measuring the flow 
rate at the time when the artificial urine has been 
absorbed will be specifically described in the Examples 
below. 

[0022] The water-absorbing resin according to the 
present invention is produced by (i) synthesizing a 
particular water-absorbing resin precursor and (ii) 
treating the water-absorbing resin precursor with heat in 
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the presence of surface cross-linking agent. The 
water-absorbing resin precursor is produced by aqueous 
polymerization using hydrophilic unsaturated monomer in 
the presence of internal cross-linking agent and 
phosphorous acid and/or its salt. 

[0023] The hydrophilic unsaturated monomer (the 
hydrophilic unsaturated monomer will be referred to as a 
monomer hereinafter) contains acrylic acid and/or its 
alkali metal salt as its main component. In order to 
further improve the absorbency of the water-absorbing 
resin, it is preferable that the acrylic acid content and its 
alkali metal salt content in the monomer be 70 mol% or 
greater, or more preferably, 90 mol% or greater. 
[0024] In order to further improve the absorbency of 
the water-absorbing resin, it is preferable that the alkali 
metal salt content in acrylic acid with respect to the total 
amount of acrylic acid and its alkali metal salt be 30 
mol% or greater, or more preferably, in the range of from 
50 mol% to 80 mol%. 

[0025] The monomer may contain, when necessary, an 
unsaturated monomer other than the acrylic acid. The 
monomer other than acrylic acid is not particularly 
limited. Concrete examples of the monomer other than 
acrylic acid include: anionic unsaturated monomers (and 
their salts) such as methacrylic acid, maleic acid, vinyl 
sulfonic acid, stylenesulfonic acid, 
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2-(meth)acrylamide-2-methylpropanesulfonic acid, 
2-(meth)acryloylethanesulfonic acid, 
2-(meth)acryloylpropanesulfonic acid, and the like; 
non-ionic hydrophilic group containing unsaturated 
monomers such as (meth)acryl amide, 

N-ethyl(meth)acrylamide, N-n-propyl(meth)acrylamide, 
N-isopropyl(meth)acrylamide, 
N,N -dime thy l(meth)acrylamide, 
2-hydroxyethyl(meth)acrylate, 
2-hydroxypropyl(meth)acrylate, 
methoxypolyethyleneglycol(meth)acrylate, 

polyethyleneglycolmono (me th) aery late, vinylpyridine, 
N-vinylpyrrolidone, N-acryloylpiperidine, 
N-acryloylpyrrolidine, and the like; and 

cationic unsaturated monomers such as 

N,N-dimethylaminoethyl (me th) aery late, 
N, N-diethylaminoe thy l(meth) aery late, 
N,N-dime thy larninopropyl(meth) aery late, 

N,N-dimethylaminopropyl(meth)acrylamide, and their 
quaternary salts. In a case where a monomer other than 
acrylic acid is used, the monomer content is preferably 
30mol% or less, and more preferably 10mol% or less. 
[0026] The internal cross-linking agent used in the 
aqueous polymerization using the monomer is a compound 
containing a plurality of polymerizable unsaturated 
groups or a plurality of reactive groups. Examples of the 
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internal cross-lining agent (B) includes: 

N,N'-methylenebis(meth)acrylamide, 

(poly)ethyleneglycoldi(meth)acrylate, 

(poly)propyleneglycoldi(meth)acrylate, 

trimethylolpropanedi(meth)acrylate, 

trimethylolpropanetri(meth)acrylate, 

glycerictri(meth)acrylate, 

glycericacrylatemethacrylate, ethylene oxide denatured 
trimethylolpropanetri(meth)acrylate, 
pentaerythritoltetra(meth)acrylate, 
dipentaerythritolhexa(meth) aery late, 

triallylcyanurate, triallylisocyanurate, triallylphosphate, 
triallylamine, poly(meth)allyloxyalkanes, 
(poly) e thy leneglycoldiglycidylether, glyceroldiglycidylether, 
ethyleneglycol, poly e thy lenegly col, propyleneglycol, 
glycerin, pentaerythritol, ethylenediamine, 

polyethyleneimine, glycidyl(meth)acrylate and the like. 
These internal cross-linking agents may be used solely or 
in a suitable combination. It is more preferable that a 
compound, among the above exemplified compounds, 
having a plurality of polymerizable unsaturated groups be 
used as the internal cross-linking agent. 

[0027] It is preferable that the internal cross-linking 
agent content with respect to the total amount of the 
above monomer be in the range of from 0.02 mol% to 3 
mol%, or more preferably in the range of from 0.05 mol% 
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to 1.5 mol%. It is not preferable that the internal 
cross-linking agent content be less than 0.02 mol% 
because, in this case, a component that can be dissolved 
into water increases. In other words, a water-soluble 
component increases. Moreover, the swelled gel having 
absorbed water becomes slimier. Therefore, in the case 
where the swelled gel is used in, for example, diapers, not 
only uncomfortable feeling is provided to the user, but 
also the urine-resistibility is degraded. On the other hand, 
it is not preferable that the internal cross-linking agent 
content be more than 3 mol%, because, in this case, the 
absorbency of the water-absorbing resin precursor under 
no pressure decreases significantly, and consequently, 
both the absorbency of water-absorbing resin under no 
pressure and the absorbency of water-absorbency resin 
under high pressure decrease. 

[0028] In the present invention, phosphorous acid 
and/or its salt (this will be referred to as phosphorous 
acid (salt) hereinafter) that is used for aqueous 
polymerization using the monomer is not particularly 
limited, as long as it is soluble to water or aqueous 
solution of monomer. Examples of the phosphorous acid 
(salt) include: phosphorous acid; normal salt of 
phosphorous acid, such as disodium phosphite, 
dipotassium phosphite, ammonium phosphite; and acid 
salt of phosphorous acid, such as sodium hydrogen 



Page 16 (Tokukaihei 9 124710) 

phosphite, potassium hydrogen phosphite, ammonium 
hydrogen phosphite. Among the phosphorous acid (salt) 
listed above, disodium phosphite, dipotassium phosphite, 
and sodium hydrogen phosphite are especially preferable. 
These phosphorous acid (salt) may be used either solely or 
in combination of thereof. Further, two or more of the 
above may be mixed at an arbitrary ratio. Phosphite of 
cation having a valence of two or greater, such as calcium 
or barium, is not preferable because such phosphite is 
usually insoluble to water. 

[0029] It is preferable that the dosage of the 
phosphorous acid (salt) be in the range of from 0.01% by 
weight to 5% by weight with respect to the monomer, or 
more preferably in the range of from 0.1% by weight to 2% 
by weight. In the case where the dosage of the 
phosphorous acid (salt) is less than 0.01% by weight, the 
absorbency of the water-absorbing resin precursor under 
no pressure becomes low, and the absorbency of the 
water-absorbing resin under no pressure and the 
absorbency of the water-absorbing resin under high 
pressure also become low. Therefore, this case is not 
preferable. On the other hand, in the case where the 
dosage of the phosphorous acid (salt) exceeds 5% by 
weight, the water-soluble content of produced 
water-absorbing resin increases significantly. This causes 
uncomfortable feelings when used in, for example, diapers 
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Moreover, the urine-resistibility and the absorbency under 
high pressure are reduced. Therefore, this case is not 
preferable, either. 

[0030] In the present invention, aqueous 
polymerization is employed to polymerize a monomer in 
the presence of an internal cross-linking agent and 
phosphorous acid (salt) so as to produce the 
water-absorbing resin precursor. In order to perform the 
aqueous polymerization, a conventionally-known method 
can be employed. Examples of the conventionally-known 
method include: casting polymerization in which the 
polymerization is performed in a cast; performing a 
polymerization on a belt-conveyer; performing a 
polymerization with an apparatus having a stirring blade 
(e.g., kneader) by fragmenting the generated hydrate gel 
polymer. Among the methods listed above, it is especially 
preferable to polymerize with an apparatus having a 
stirring blade by fragmenting the polymer because (i) it is 
easy to remove heat generated during the polymerization 
and (ii) the polymerization is performed uniformly. The 
apparatus having a stirring blade is not particularly 
limited. Examples of the apparatus include: a 
single-armed mixing apparatus; a single-screwed extruder, 
a two-armed kneader, and a three-armed kneader. Among 
these apparatuses, it is especially preferable to use the 
two-armed kneader. 



Page 18 (Tokukaihei 9-1 2471 O) 

[0031] The method for mixing the monomer, the 
internal cross-linking agent, and phosphorous acid (salt) 
during the aqueous polymerization is not particularly 
limited. For example, the internal cross-linking agent and 
the phosphorous acid (salt) may be mixed directly, and 
thereafter the solution of the mixture may be mixed with 
either the monomer or an aqueous solution thereof. 
Alternatively, the internal cross-linking agent and an 
aqueous solution of the phosphorous acid (salt) may be 
mixed, and thereafter the solution of the mixture may be 
mixed with either the monomer or an aqueous solution 
thereof. Furthermore, the internal cross-linking agent, the 
phosphorous acid (salt), and a part of monomer or a part 
of aqueous solution thereof may be mixed, and thereafter 
the mixed solution may be mixed with either the rest of 
the monomer or the rest of the aqueous solution thereof. 
Furthermore, the internal cross-linking agent, the 
aqueous solution of phosphorous acid (salt), either a part 
of monomer or a part of aqueous solution of the monomer 
may be mixed, and thereafter the mixed solution may be 
mixed with either the rest of the monomer or the rest of 
the aqueous solution thereof. 

[0032] The concentration of the monomer in the aqueous 
solution during the aqueous polymerization using the 
monomer in the presence of internal cross-linking agent 
and phosphorous acid (salt) is not particularly limited, 
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but it is preferable that the concentration be between 
20 % by weight and the saturation concentration, 
inclusive. 

[0033] To start the aqueous polymerization, a radical 
polymerization initiator (e.g., potassium persulfate, 
ammonium persulfate, sodium persulfate, 

t-butylhydroperoxide, hydrogen peroxide, or 

2,2 , -azobis(2-amizinopropane)dihydrochloride) may be 
utilized, for example. Alternatively, active energy rays (e.g., 
ultraviolet rays, electron rays) may be utilized. Among the 
examples listed above, it is especially preferable to use 
persulfate such as potassium persulfate, ammonium 
persulfate, sodium persulfate and the like. Further, in the 
case where an oxidizing radical polymerization initiator is 
used, redox polymerization may be performed by using a 
combination of reductants (e.g., sodium sulfite, sodium 
hydrogen sulfite, iron sulfate, L-ascorbic acid). It is 
preferable that the polymerization initiator content be in 
the range of from 0.001 mol% to 2 mol%, or more 
preferably in the range of from 0.01 mol% to 0.5 mol%. 
[0034] A hydrophilic polymer (e.g., starch, cellulose, 
polyvinyl alcohol, polyethyleneglycol, polyacrylic acid 
(salts)-based cross-linking agent) may be added during the 
aqueous polymerization. Further, the aqueous 
polymerization may be performed in the presence of fabric 
material or an inorganic substance so as to generate a 
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water-absorbing complex. 

[0035] The hydrate gel polymer produced by the 
aqueous polymerization can be used as a water-absorbing 
resin precursor as the way it is. However, if the amount of 
solid content is little, it is preferable that the hydrate gel 
polymer be dried further. A method of drying the hydrate 
gel polymer is not particularly limited, and a 
publicly-known drying method can be employed. Examples 
of the publicly-known drying method include: heated-air 
drying; ultraviolet-ray drying; microwave drying; 
drum-dryer drying; azeotropic dehydration in a 
hydrophobic organic solvent; and the like. It is preferable 
that the polymer be dried such that the dried polymer, 
that is, the water-absorbing resin precursor consequently 
contains the solid parts of 60% by weight or greater, or 
more preferably 90% by weight or greater. The conditions 
for drying, therefore, should be arranged such that the 
solid parts of the water-absorbing resin precursor falls 
into the above range. 

[0036] The water-absorbing resin precursor produced 
by the aqueous polymerization or the water-absorbing 
resin precursor that is produced by the aqueous 
polymerization and then is dried may be pulverized or 
integrated so as to adjust its particle size. The average 
particle diameter of the water-absorbing resin precursor is 
not particularly limited, but it is preferable that the 
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average particle diameter be in the range of from 10 pm to 
2000 jim, or more preferably in the range of from 100 \im 
to 1000 |im. It is further preferable that the average 
particle diameter be in the range of from 300 pm to 600 
pm. Further, it is preferable that the particle size 
distribution of the water-absorbing resin precursor be 
narrow. By adjusting the particle size of the 
water-absorbing resin precursor to fall into the above 
range, the absorbency can be improved. Note that 
water-absorbing resin precursor may be in various shapes 
including spherical shape, ramentum shape, irregular and 
pulverized shape, and granular shape. 

[0037] The water-absorbing resin precursor produced 
by the methods described above has some degree of 
absorbency under no pressure, absorbency under high 
pressure, and urine-resistibility. However, none of the 
absorbency under no pressure, the absorbency under high 
pressure, and the urine-resistibility is in the preferable 
ranges according to the present invention. Therefore, in 
order to produce a water-absorbing resin that exhibits (i) 
high absorbency under no pressure, (ii) high absorbency 
under high pressure, and (iii) excellent urine-resistibility, 
it is necessary to increase, by using a surface 
cross-linking agent, the cross-linking density in the 
vicinity of the surface of the water-absorbing resin 
precursor so that the cross-linking density of the surface 
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becomes greater than the internal cross-linking density. 
In other words, the water-absorbing resin of the present 
invention is produced by mixing (i) the water-absorbing 
resin precursor produced by the aqueous polymerization 
described above and (ii) a surface cross-linking agent that 
is reactive with the carboxyl group contained in the 
water-absorbing resin precursor, and thereafter heating 
the mixture. 

[0038] Examples of the surface cross-linking agent 
include: polyhydroxy alcohols such as ethyleneglycol, 
propyleneglycol, glycerin, pentaerythritol, sorbitol, 
diethyleneglycol, triethyleneglycol, tetraethyleneglycol, 
dipropyleneglycol, tripropyleneglycol, 1 ,3-butanediol, 
1,4-butanediol, 1 ,5-pentanediol, 2,4-pentanediol, 

1,6-hexanediol, 2,5-hexanediol, trimethylolpropane, and 
the like; multivalent epoxy compounds such as 
ethyleneglycoldiglycidylether, 
polyethyleneglycoldiglycidylether, 

diglycerolpolyglycidylether, polyglycerolpolyglycidylether, 
propyleneglycoldiglycidylether, 

polypropyleneglycoldiglycidylether, and the like; 
multivalent amines such as diethanolamine, 
triethanolamine, ethylene diamine, diethylenetriamine, 
triethylenetetramine, and the like; 

multivalent isocyanate compounds such as 
2,4-tolylenediisocyanate, hexamethylenediisocyanate, and 
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the like; ethylene carbonate ( 1 ,3-dioxolan-2-one), 

propylene carbonate (4-methyl- 1 ,3-dioxolan-2-one), 
4, 5 -dimethyl- 1 ,3-dioxolan-2-one, epichlorohydrin, 
epibromohydrin, and the like. The surface cross-linking 
agent, however, is not limited to the compounds listed 
above. The polyhydroxy alcohols or multivalent epoxy 
compounds among the compounds listed above are 
especially preferable because any of them can improve the 
absorbency of the water-absorbing resin. These surface 
cross-linking agents may be used solely or in combination. 
[0039] It is preferable that the amount of the surface 
cross-linking agent to be used be in the range of from 
0.001 parts by weight to 5 parts by weight with respect to 
100 parts by weight of the solid parts of the 
water-absorbing resin precursor, or more preferably in the 
range of from 0.01 parts by weight to 2 parts by weight, 
although the preferable amount depends upon which 
compound or which combination of compounds is used. By 
using the surface cross-linking agent listed above, the 
cross-linking density in the vicinity of the surface of the 
water-absorbing resin precursor (i.e., water-absorbing 
resin) can be greater than the internal cross-linking 
density. It is not preferable to use more than 5 parts by 
weight of surface cross-linking agent because (i) it is not 
economical and (ii) this amount is excess for forming an 
optimum cross-linking structure in the water-absorbing 
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resin. Further, it is also not preferable to use less than 
0.001 parts by weight of surface cross-linking agent 
because, in this case, it is difficult to upgrade the 
properties, such as the urine-resistibility or the 
absorbency under high pressure, of the water-absorbing 
resin. 

[0040] In mixing the water-absorbing resin precursor 
and the surface cross-linking agent, it is preferable to use 
water as a solvent. It is preferable that the amount of 
water to be used be greater than 0 and equal to or less 
than 20 parts by weight with respect to 100 parts by 
weight of the solid parts of the water-absorbing resin 
precursor, or more preferably in the range of from 0.5 
parts by weight to 10 parts by weight, although the 
preferable amount depends upon, for example, the type or 
the particle diameter of the water-absorbing resin 
precursor. 

[0041] Further, if necessary, a hydrophilic organic 
solvent may be added as a solvent when the 
water-absorbing resin precursor and the surface 
cross-linking agent are mixed. Examples of the 
hydrophilic organic solvent include: lower alcohols such 
as methyl alcohol, ethyl alcohol, n-propyl alcohol, 
isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, 
t-butyl alcohol, and the like; ketones such as acetone and 
the like; ethers such as dioxane, tetrahydrofuran, and the 
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like; amides such as N,N-dimethylformamide and the like; 
sulfoxides such as dimethylsulfoxide and the like; and the 
like. An amount of the hydrophilic organic solvent to be 
added is preferably not more than 20 parts by weight, and 
more preferably in the range of from 0.1 parts by weight to 
10 parts by weight, with respect to 100 parts by weight of 
a solid parts of the water-absorbing resin precursor, 
although the amount of water to be added depends on the 
type, particle diameter, and the like of the 
water-absorbing resin precursor. 

[0042] The surface cross-linking agent may be added 
to the water-absorbing resin precursor, for example, when 
the water-absorbing resin precursor has been dispersed in 
the hydrophilic organic solvent. The method of mixing 
them is not particularly limited. Among a variety of mixing 
methods, it is preferable to employ a method in which (i) 
the surface cross-linking agent is dissolved, when 
necessary, in water and/or hydrophilic organic solvent, 
and (ii) this is sprayed or dropped directly onto the 
water-absorbing resin precursor. Further, in the case 
where water is used in the mixing, for example 
water-insoluble micro particle powder or a surfactant may 
be added. 

[0043] In order to mix the water-absorbing resin 
precursor and the surface cross-linking agent uniformly 
and assuredly, it is preferable that a mixing apparatus 
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having a strong mixing power be used in order to mix the 
water-absorbing resin precursor and the surface 
cross-linking agent. Examples of the mixing apparatus 
include: a circular-tube type mixing apparatus, a 
double-wall circular cone type mixing apparatus, a 
V-shape type mixing apparatus, a ribbon type mixing 
apparatus, a screw type mixing apparatus, a fluidized 
furnace rotary desk type mixing apparatus, an air-flow 
mixing apparatus, a two-armed kneader, an internal 
mixing apparatus, a pulverizing type kneader, a rotary 
mixing apparatus, and a screw type extruder. 
[0044] The water-absorbing resin precursor and the 
surface cross-linking agent are mixed and then treated 
with heat. Thereafter, a cross-link is formed in the vicinity 
of the surface of the water-absorbing resin precursor. It is 
preferable that the temperature during the heat treatment 
be in the range of from 160 °C to 250 °C, although the 
preferable range depends upon which surface 
cross-linking agent is used. In the case where the heat 
treatment is performed at a temperature lower than 160 °C, 
the cross-linking structure is not formed uniformly, and 
therefore a water-absorbing resin having excellent 
properties (e.g., absorbency under high pressure) cannot 
be produced. Thus, this case is not preferable. Further, in 
the case where the heat treatment is performed at a 
temperature higher than 250 C°, the water-absorbing resin 
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precursor is deteriorated. This degrades the properties 
and the urine-resistibility of the water-absorbing resin. 
Thus, this case is not preferable, either. 

[0045] To perform the heat treatment described above, 

an ordinarily-used dryer or a heating furnace may be used. 

For example, a trench type mixing dryer, a rotary type 

dryer, a desk type dryer, a fluidized bed type dryer, an 

air-flow type dryer, or an infrared dryer may be used. 

[0046] If produced by the above methods, the 

» 

water-absorbing resin has (i) 36 g/g or greater of 
absorbency under no pressure with respect to 
physiological saline, (ii) 24 g/g or greater of the 
absorbency under high pressure with respect to 
physiological saline, and (iii) 1 mm/min or less of flow 
rate at a time when 16 hours have passed since the 
artificial urine was absorbed. Therefore, the 
water-absorbing resin of the present invention is suitable 
not only for paper diapers for babies and sanitary napkins, 
but also for sanitary material (e.g., diapers for adults) 
that is to be heavily loaded while being used, which 
sanitary material has been increasingly demanded. 
[0047] It is not certain what causes the 
water-absorbing resin of the present invention to exhibit 
(i) significantly excellent urine-resistibility and (ii) high 
absorbency under both no pressure and high pressure. It 
is considered that a synergy of the following two factors 



Page 28 (Tokukaihei 9 -12471 0) 

contributes thereto. The first factor is that the monoirier 
is polymerized by the aqueous polymerization performed 
under the presence of the internal cross-linking agent and 
the phosphorous acid (salt) so that a network having an 
optimum inter-crosslink molecular weight is formed. The 
second factor is that the surface of such water-absorbing 
resin precursor is treated with a particular surface 
cross-linking agent so that the cross-linking densities in 
the vicinity of the surface of the water-absorbing resin can 
be graded. 
[0048] 

[Examples] The following describes the present 

invention more specifically, with reference to Examples 
and Comparative Examples. The present invention, 
however, is not limited to the description below. The 
properties of the water-absorbing resin were measured by 
the methods described later. Further, the word "parts" in 
the following Examples and Comparative Examples 
indicates "parts by weight". 

[0049] (a) Absorbency under no pressure 
First, 0.2 g of water-absorbing resin was evenly put into a 
tea-bag type pouch (60 mm x 60 mm) made of non-woven 
fabric, and was soaked in sodium chloride aqueous 
solution (physiological saline) of 0.9% by weight. When 60 
minutes passed, the tea-bag type sac was taken out 
therefrom and dewatered using a centrifugal separator 
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with a centrifugal force (250 G) for three minutes. 
Thereafter, weight Wi(g) of the tea-bag type pouch was 
measured. Further, the same process was carried out 
without using the water-absorbing resin. Thereafter, 
weight Wo(g) of the tea-bag type pouch was measured. 
Then, with weights Wo and Wi, the absorbency (g/g) under 
no pressure was calculated according to the following 
equation: 

Absorbency (g/g) under no pressure 
= (Wi(g)-Wo (g))/ amount (g) of water-absorbing resin - 1. 

[0050] 

(b) Absorbency under high pressure 

First of all, the following briefly describes a measurement 
apparatus used for measuring the absorbency under high 
pressure, with reference to Figure 1. 

[0051] As illustrated in Figure 1, the measurement 
apparatus is constituted of: a balance 1; a container 2 
that is placed on the balance 1 and has a predetermined 
capacity; an external air inlet pipe 3; a conduit pipe 4; a 
glass filter 6; and a measurement section 5 that is placed 
on the glass filter 6. The container 2 has an aperture 2a 
on the top thereof and an aperture 2b on the side face 
thereof. The external air inlet pipe 3 is inserted into the 
aperture 2a, and the conduit pipe 4 is mounted in the 
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aperture 2b. Further, in the container 2, a predetermined 

amount of physiological saline 12 is stored. A lower end of 

the external air inlet pipe 3 is soaked in the physiological 

saline 12. The external air inlet pipe 3 is provided to 

maintain the pressure in the container 2 at approximately 

a same level as that in the atmosphere. The glass filter 6 

has a diameter of 70 mm. The container 2 and the glass 

filter 6 are connected to each other by the conduit pipe 4 

made of silicone resin. Further, the position and the 

« 

height of the glass filter 6 is fixed with respect to the 
container 2. 

[0052] Further, the measurement section 5 is provided 
with: a filter paper 7; a supporting cylinder 9 with an 
inner diameter of 60 mm; a wire net 10 adhered to a 
bottom part of the supporting cylinder 9; and a weight 11. 
In the measurement section 5, the filter paper 7 and the 
supporting cylinder 9 (in other words, the wire net 10) are 
placed on the glass filter 6 in the order as listed. 
Furthermore, the weight 1 1 is placed on top of the wire 
net 10, that is, inside of the supporting cylinder 9. The 
wire net 10 is made of stainless-steel and has 400 meshes 
(the size of each mesh is 38 pm). Further, the top surface 
of the wire net 10 is placed on the same level as the 
height of the lower end face 3a of the external air inlet 
pipe 3. In other words, the height of the face of the wire 
net 10, which face is in contact with the water-absorbing 
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resin 15, is the same as that of the lower end face 3a* of 
the external air inlet pipe 3. As such, a predetermined 
amount of the water-absorbing resin 15 is evenly 
dispersed on the wire net 10. The weight of the weight 11 
is 1413 g. This makes it possible to evenly apply a load of 
50.0 g/cm 2 with respect to the wire net 10 and therefore 
to the water-absorbing resin 15. 

[0053] With the measurement apparatus structured as 
described above, the absorbency under high pressure was 
measured. The following describes the measurement 
method. 

[0054] First of all, predetermined preparatory 
operations were performed, which preparatory operations 
include, for example, pouring a predetermined amount of 
physiological saline 12 into the container 2, and inserting 
the external air inlet pipe 3 into the container 2. Then, 
the filter paper 7 was placed on the glass filter 6. Further, 
concurrently with placing the filter paper 7 on the glass 
filter 6, (i) 0.9 g of water-absorbing resin was evenly 
dispersed inside of the supporting cylinder 9, that is, on 
the wire net 10, and (ii) the weight 11 was placed on top 
of the water-absorbing resin 15. Thereafter, the 
supporting cylinder 9 in which the wire net 10, the 
water-absorbing resin 15, and the weight 11 had been 
placed on top of the filter paper 7 were placed such that 
the center of the supporting cylinder 9 coincided with the 
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center of the glass filter 6. 

[0055] Weight W 2 (g) of the physiological saline 12 that 
was absorbed by the water-absorbing resin 15 in 60 
minutes since the supporting cylinder 9 had been placed 
on top of the filter paper 7 was calculated on the basis of 
the values measured by the balance 1. Furthermore, the 
same operations were performed without using the 
water-absorbing resin 15. The blank weight, that is, the 
weight of the physiological saline 12 absorbed by a 
component other than the water-absorbing resin 15 (e.g., 
filter paper 7) was calculated on the basis of the values 
measured by the balance 1. The blank value will be 
referred to as blank value W3(g). Then, weight W2(g) was 
adjusted by using blank value W3(g) so as to calculate 
weight W4(g) of the physiological saline that was actually 
absorbed by the water-absorbing resin in 60 minutes 
since the beginning of the absorption. Weight W 4 (g) was 
calculated according to the following formula: 

W 4 (g) - W 2 (g) - W 3 (g). 

By using weight W 4 (g) and the weight (0.9 g) of the 
water-absorbing resin, the absorbency (g/g) under high 
pressure was calculated according to the following 
formula: 
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absorbency (g/g) under high pressure 

= W4(g)/ weight (g) of water-absorbing resin. 

[0056] (c) Flow rate after artificial urine was absorbed 
First of all, artificial urine was produced. Specifically, 95 
g of urea, 40 g of sodium chloride, 5 g of magnesium 
sulfate, and 4855 g of ion exchanged water were mixed, 
and then L-ascorbic acid was added at 0.005% by weight. 
Thereafter, 2 g of water-absorbing resin was placed into a 
120 ml-container (inner diameter of 54 mm) having a lid 
and made of polypropylene. The artificial urine was added 
to let the water-absorbing resin absorb the artificial urine. 
As a result, a hydrate gel made of the water-absorbing 
resin swelled for 25 times larger was produced. The 
hydrate gel was left in the atmosphere where the 
temperature was 37 °C and the relative humidity was 90%. 
Then, when (i) 16 hours passed and (ii) 20 hours passed, 
the container was leaned 90° to measure the distance the 
hydrate gel on the lower part of the container moved in 
one minute. Finally, on the basis of the distance, the flow 
rate (mm/min) at a time when the artificial urine had been 
absorbed was calculated. 

[0057] (d) Examination of urine-resistibility 
In the same manner as the measurement of the flow rate 
at the time after the artificial urine was absorbed, the 
water-absorbing resin having absorbed the artificial urine, 



Page 34 (Tokukaihei 9-124710) 

or hydrate gel, was left, and after (i) 16 hours passed and 
(ii) 20 hours passed, the condition of the hydrate gel was 
visually observed. If the hydrate gel had not been 
destroyed, then the condition was evaluated as "good". On 
the other hand, if the hydrate gel had been destroyed, 
then the condition was evaluated as "poor". 
[0058] [Example 1] In the present Example, as a 
monomer mainly containing acrylic acid and the alkali 
metal salt thereof, a partially-neutralized sodium acrylic 
acid (neutralization ratio: 75 mol%) was used. In other 
words, a mixture (the mixture will be referred to as an 
acrylic monomer hereinafter) containing the acrylic acid 
and the sodium acrylic acid at a molar ratio of 1:3 was 
used. With 5367 g of aqueous solution containing 33% of 
the partially-neutralized sodium acrylic acid, (i) 5,74 g of 
polyethyleneglycoldiacrylate (PEGDA) (0.06 mol% with 
respect to acrylic monomer), acting as a cross-linking 
agent, and 10.6 g of sodium hydrogen 
phosphite-2.5hydrate (0.6% by weight with respect to 
acrylic monomer), acting as phosphorous acid (salt), were 
dissolved. As a result, a reaction liquid was produced. 
[0059] Then, the reaction liquid was supplied into a 
reactor vessel which was constituted of a lid and a 
two-armed kneader (content volume of 10 liters) that was 
made of stainless-steel, was jacketed, and is provided with 
two sigma blades. While the reaction liquid was 
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maintained at 26°C, the inside of the system was replaced 
with nitrogen gas. Thereafter, the reaction liquid was 
stirred with a blade of the kneader, (i) 12 g of aqueous 
solution containing 20 % of sodium persulfate and (ii) 10 g 
of aqueous solution containing 1 % of L-ascorbic acid were 
added in order to start the polymerization. After the 
polymerization was performed for 60 minutes, fragmented 
hydrate gel polymer was produced and taken out 
therefrom. 

[0060] The hydrate gel polymer was spread on the wire 
net and dried with hot air at 160°C for 60 minutes. The 
hydrate polymer thus dried was pulverized by a vibrating 
mill and classified. As a result, a water-absorbing resin 
precursor whose color was white and particle diameter 
was 75 pm to 850 pm was produced. The water-absorbing 
resin precursor had 51 g/g of absorbency under no 
pressure. 

[0061] To 100 parts of the water-absorbing resin 
precursor, (i) a surface cross-linking agent (0.05 parts of 
ethyleneglycoldiglycidylether and 0.5 parts of glycerin) 
and (ii) water solution composed of (a) 3 parts of water 
and (b) 0.75 parts of isopropyl alcohol were mixed. The 
mixture was treated with heat at 200°C for 50 minutes. As 
a result, a water-absorbing resin was produced. With 
regard to the water-absorbing resin having been produced, 
(i) the absorbency under no pressure, (ii) the absorbency 
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under high pressure, and (iii) the gel flow rate (the gel 
flow rate will be referred to as the property hereinafter) of 
the water-absorbing resin were measured. These values 
(the values will be simply referred to as results 
hereinafter) are shown in Table 1. 

[0062] [Example 2] The same reactions as in Example 
1 were performed under the same conditions therein, 
except that 10.6 g of disodium phosphite (0.6% by weight 
with respect to acrylic monomer), acting as phosphite, was 
used in place of 10.6 g of sodium hydrogen 
phosphite-2.5hydrate in Example 1. As a result, a 
water-absorbing resin precursor was produced. The 
absorbency of the water-absorbing resin precursor under 
no pressure was 48g/g. Further, the water-absorbing 
resin precursor was treated with heat under the same 
conditions as in Example 1, except that the 
water-absorbing resin was heated for 45 minutes instead 
of 50 minutes. As a result, a water-absorbing resin was 
produced. The properties of the water-absorbing resin 
were measured. The results of the measurement are shown 
in Table 1. 

[0063] [Example 3] The same reactions and 

operations as in Example 1 were performed, except that 
8.86 g of dipotassium phosphite (0.5% by weight with 
respect to acrylic monomer), acting as phosphite, was 
used in place of 10.6 g of sodium hydrogen 
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phosphite-2.5hydrate in Example 1. As a result, a 
water-absorbing resin precursor was produced. The 
absorbency of the water-absorbing resin precursor under 
no pressure was 50 g/g. Further, the water-absorbing 
resin precursor was treated with heat under the same 
conditions as in Example 1 so as to produce the 
water-absorbing resin. The properties of the 
water-absorbing resin were measured. The results of the 
measurement are shown in Table 1. 

[0064] [Comparative Example 1] The same reactions 
and operations as in Example 1 were performed, except 
that (i) the amount of polyethyleneglycoldiacrylate 
(PEGDA) was changed to 2.87 g (0.03 mol% with respect to 
acrylic monomer) from 5.74 g and (ii) sodium hydrogen 
phosphite-2.5hydrate was not used. As a result, a 
water-absorbing resin precursor was produced. The 
absorbency of water-absorbing resin precursor under no 
pressure was 52 g/g. Then, the water-absorbing resin 
precursor was treated with heat under the same 
conditions as in Example 1 . As a result, a comparative 
water-absorbing resin was produced. The properties of the 
comparative water-absorbing resin were measured. The 
results of the measurement are shown in Table 1. Note 
that "the flow rate is more than measurement range" 
indicates that the hydrate gel was flowed out of the 
container immediately after the container was leaned, and 
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therefore the flow rate could not be measured. 
[0065] [Comparative Example 2] The same reactions 
and operations as in Example 1 were performed, except 
that 0.89 g of sodium hypophosphite* lhydrate (0.05% by 
weight with respect to acrylic monomer) was used in place 
of 10.6 g of sodium hydrogen phosphite'2.5hydrate in 
Example 1. As a result, a water-absorbing resin precursor 
was produced. The absorbency of water-absorbing resin 
precursor under no pressure was 52 g/ g. Further, the 
water-absorbing resin precursor was treated with heat 
under the same conditions as in Example 1, except that 
the water-absorbing resin precursor was heated for 65 
minutes instead of 50 minutes. As a result, a comparative 
water-absorbing resin was produced. Results of the 
measurement of the properties of the comparative 
water-absorbing resin that was produced are also shown 
in Table 1. 

[0066] [Comparative Example 3] In a flask provided 
with a nitrogen gas inlet tube, 121.4 g of aqueous solution 
containing 45% by weight of partially-neutralized sodium 
acrylic acid (neutralization ration: 70 mol%) were supplied. 
Then, (i) 0.0315 g of N,N-methylenebisacrylamide (0.032 
mol% with respect to partially-neutralized sodium acrylic 
acid), acting as an internal cross-linking agent, and (ii) 
0.598 g of disodium phosphite-Shydrate (1.09% with 
respect to acrylic monomer), acting as phosphorous acid 
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(salt), were dissolved into the aqueous solution. Further, 
0.56 g of hydrogen peroxide 35% solution, acting as 
polymerization initiator, was added to the aqueous 
solution. Thereby, a reaction liquid was produced. Then, 
the inside of the flask was replaced with nitrogen gas so 
that the reaction liquid was deaerated. 

[0067] Further, the dispersion liquid was produced by 

placing 121 g of cyclohexane and 0.9 ^ g of 

sorbitanmonostearate in a 500 ml four-necked flask 

♦ 

having four apertures, which flask was provided with 
stirrer, a reflux condenser, a thermometer, and a nitrogen 
gas inlet tube. The inside of the system was replaced with 
nitrogen gas. Then, while the temperature of the reaction 
liquid was maintained in the range of from 55°C to 70°C, a 
reverse-phase suspension polymerization was performed. 
The polymerization was finished 60 minutes after the 
polymerization had started, and thereafter azeotropy 
dehydration was performed. As a result, a precipitate was 
generated. The precipitate was filtered to produce a 
water-absorbing resin precursor. 

[0068] Then, 100 parts of the water-absorbing resin 
precursor that had been produced was mixed with 80 
parts of cyclohexane, 0.2 parts of 

Y-giycidoxypropyltrimethoxysilane, and 0.5 parts of 
di-n-butyl tin dilaurylate. The mixture was treated with 
heat at 60°C for 30 minutes, and thereafter at 100°C for 
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30 minutes. Then, the mixture was dried under reduced 
pressure. As a result, a comparative water-absorbing resin 
was produced. The properties of the comparative 
water-absorbing resin were measured. The results of the 
measurement are shown in Table 1. 
[0069] 
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Absorben 
cy under 

no 
pressure 
(g/g) 


Absorben 
cy under 
high 


16 hours after 
artificial urine was 
absorbed 


20 hours after 

artificial urine was 
♦ 

absorbed 




pressure 
(g/g) 


Visual 
observa 
tion 


flow rate 
(mm/min) 


Visual 
observa 
tion 


flow rate 
(mm/rain) 


EXAMPLE 
1 


41 


26 


GOOD 


0 


GOOD 


0 


EXAMPLE 
2 


39 


26 


GOOD 


0 


GOOD 


0 


EXAMPLE 
3 


40 


28 


GOOD 


0 


GOOD 


0 


COMPARA 

TIVE 
EXAMPLE 
1 


40 


26 


BAD 


3 


BAD 


More than , 
ineasurem 
ent range 


COMPARA 

TIVE 
EXAMPLE 
2 


41 


23 


BAD 


0-1 


BAD 


1 


COMPARA 

TIVE 
EXAMPLE 
3 


69 


5.6 


BAD 


More than 
measureme 
nt range 


BAD 


More than 
measurem 
ent range 



[0070] As it is apparent from the results of Examples 1 
to 3 and the results of Comparative Examples 1 to 3, in 
comparison with the comparative water-absorbing resins, 



Page 41 (Tokukaihei 9-124710) 

the water-absorbing resin of the present Examples is 
excellent in (i) the absorbency under no pressure, (ii) the 
absorbency under high pressure, and (iii) 
urine -re sistibility. 
[0071] 

[Effects of the invention] With the above structure, the 
water-absorbing resin has (i) 36 g/g or greater of 
absorbency under no pressure with respect to 
physiological saline, 24 g/g or greater of absorbency 
under high pressure with respect to physiological saline, 
and (iii) 1 mm/min or less of flow rate at the time when 16 
hours have passed since the artificial urine was absorbed. 
Thus, the water-absorbing resin is excellent in (i) the 
absorbency under no pressure, (ii) the absorbency under 
high pressure, and (iii) the urine-resistibility . 
[0072] Accordingly, the water-absorbing resin of the 
present invention is suitable for paper diapers for babies 
or sanitary napkins. Furthermore, the water-absorbing 
resin is also suitable for sanitary materials (e.g., diapers 
for adults) that are to be heavily loaded while being used, 
which sanitary material has been increasingly demanded. 
[0073] Therefore, in the above method, aqueous 
polymerization is performed, in the presence of internal 
cross-linking agent and phosphorous acid and/or its salt, 
using a hydrophilic unsaturated monomer containing a 
particular content so as to produce a water-absorbing 
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resin precursor. Then, a particular surface cross-linking 
agent is added to the water-absorbing resin precursor, 
and the mixture is treated with heat. As a result, a 
water-absorbing resin having the excellent properties 
described above is produced. Therefore, the above method 
is suitable for producing the water-absorbing resin. 
[Brief description of drawings] 

[Figure 1] A cross sectional diagram schematically 
illustrating a measurement apparatus used for measuring 
an absorbency under high pressure, which absorbency is 
one of the properties of the water-absorbing resin of the 
present invention. 

[Explanations of letters or numerals] 

1 balance 

2 container 

3 external air inlet pipe 

4 conduit pipe 

5 measurement section 

6 glass filter 

7 filter paper 

9 supporting cylinder 

10 wire net 

1 1 weight 

12 physiological saline 
15 water-absorbing resin 



Amendment filed in Japanese Patent Application No. 

286263/1995 (Tokuganhei 7-286263) 
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A. Relevance of the Above-identified Document 

The following is a partial English translation of 
exemplary portions of non-English language information 
that may be relevant to the issue of patentability of the 
claims of the present application. 

B. Translation of the Relevant Passages of the Document 

♦ 

[Claims] 
[Claim 1] 

A water-absorbing resin produced by (i) performing, 
in the presence of internal cross-linking agent, aqueous 
polymerization using a hydrophilic unsaturated monomer 
so as to produce a water-absorbing resin precursor, the 
hydrophilic unsaturated monomer mainly containing 
acrylic acid and/or its alkali metal salt and (ii) adding, to 
the water-absorbing resin precursor, a surface 
cross-linking agent that is reactive with a carboxyl group 
contained in the water-absorbing resin precursor, and 
treating the mixture with heat, wherein: 

the water-absorbing resin has an absorbencv of 36 
g/g under no pressure where the absorbency under no 
pressure is measured after soaking the water-absorbing 
resin in a physiological saline (0.9wt% of sodium chloride 
aqueous solution) for 60 minutes, and then centrifuging 
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the water-absorbing resin for 3 minutes by a centrifugal 
separator at 250 G (250 x 9.81 m/S 2 ); 

the water-absorbing resin has an absorbencv of 24 
g/g or greater under high pressure where the absorbency 
under high pressure is measured after the 
water-absorbing resin absorbs the physiological saline 
(0.9wt% of sodium chloride aqueous solution) for 60 
minutes while being applied with a load of 50.0 g/cm 2 
(4.90 kPa): and 

a hydrogel of the water-absorbing resin has a flow 
rate of 1 mm/min or below where the flow rate is 
measured after the hvdrogel is left for 16 hours in an 
atmosphere with a temperature of 37°C and a relative 
humidity of 90%, the hvdrogel being the water-absorbing 
resin that has absorbed artificial urine conta ining 95 g of 
urea, 40 g of sodium chloride, 5 g of magnesium sulfate, 5 
g of calcium chloride, 4855 g of ion-exchanged water, and 
0.005wt% of L-ascorbic acid (amount of contents) and 
consequently has swelled for 25 times larger. 

[Claim 2] 

A production method of a water-absorbing resin^ 
comprising the steps of (i) performing, in the pres ence of 
internal cross-linking agent, aqueous polymerization 
using a hydrophilic unsaturated monomer so as to 
produce water-absorbing resin precursor, the hvdrophilic 
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unsaturated monomer mainly containing acrylic acid 
and/or its alkali metal salt, and (ii) adding, to the 
water-absorbing resin precursor, a surface cross-linking 
agent that is reactive with a carboxvl group contained in 
the water-absorbing resin precursor, and treating the 
mixture with heat, the method further comprising the step 
of: 

performing, in the presence of phosphorous acid 
and/or its salt, aqueous polymerization using the 
hvdrophilic unsaturated monomer. 

[Claim 3] 

The production method as set forth in Claim 2, 
wherein the internal cross-linking agent is used within the 
range of from 0.02 mol% to 3 mol% with respect to the 
hydrophilic unsaturated monomer. 

[Claim 4] 

The production method as set forth in one of Claims 
2 and 3, wherein the phosphorous acid and/or its salt is 
used within the range of from 0.01 % to 5 % bv weight 
with respect to the hydrophilic unsaturated monomer. 

[Claim 5] 

The production method as set forth in any one of 
Claims 2, 3 and 4, further comprising the step of 
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performing aqueous polymerization usin g persulfate. 
[Claim 6] 

The production method as set forth in any one of 
Claims 2 to 5, wherein: 

the water-absorbing resin produced bv the method 
has an absorbencv of 36 g/g or greater un der no pressure 
where the absorbencv under no pressure is measure d after 
soaking the water-absorbing resin in physiol ogical saline 

(Q.9wt% of sodium chloride aqueous solution) for 60 

minutes and then centrifuging the water-abs orbing resin 
for 3 minutes bv a centrifugal separator at 250 G (250 x 
9.81 m/S2): 

the water-abosrbing resin produced bv the method 
has an absorbencv of 24 g/g or greater un der high 
pressure where the absorbencv under high pressure is 
measured after the water-absorbing resin absorbs the 
ph ysiological saline (0.9wt% of sodium chlo ride aqueous 
solution) for 60 minutes while being applied wi th a load of 
50.0 g/cm 2 (4.90 kPak and 

a hvdrogel of the water-absorbing resin p roduced bv 
the method has a flow rate of 1 mm/min or b elow where 
the flow rate is measured after the hvdrogel is left for 16 
hours in an atmosphere with a temperature of 37°C and a 

relative humidity of 90%, the hvdrog el being the 

water-absorbing resin that has absorbed a rtificial urine 
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containing 95 g of urea, 40 g of sodium chloride, 5 gof 
magnesium sulfate, 5 g of calcium chloride, 4855 g of 
ion-exchanged water, and 0.005wt% of L-ascorbic acid 
(amount of contents) and consequently has swelled for 25 
times larger. 

[Claim 7] 

A sanitary material using the water-absorbing resin 
set forth in Claim 1.. 

[0012] In order to solve the above problems, a 
production method of a water-absorbing resin of the 
present invention, which method includes the steps of (i) 
performing, in the presence of internal cross-linking agent, 
aqueous polymerization using a hydrophilic unsaturated 
monomer so as to produce a water-absorbing resin 
precursor, the hydrophilic unsaturated monomer mainly 
containing acrylic acid and/ or its alkali metal salt and (ii) 
adding, to the water-absorbing resin precursor, a surface 
cross-linking agent that is reactive with a carboxyl group 
contained in the water-absorbing resin precursor, and 
treating the mixture with heat, is adapted so that the 
method further includes the step of performing, in the 
presence of phosphorous acid and/or its salt, aqueous 
polymerization using the hydrophilic unsaturated 
monomer. 
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[0013] In order to solve the above problems, the 
production method as set forth in Claim 3 is adapted so 
that the internal cross-linking agent is used within the 
range of from 0.02 mol% to 3 mol% with respect to the 
hydrophilic unsaturated monomer. 

[0014] In order to solve the above problems, the 
production method as set forth in Claim 4 is adapted so 
that the phosphorous acid and/or its salt is used within 
the range of from 0.01wt% to 5wt% with respect to the 
hydrophilic unsaturated monomer. 

[0015] In order to solve the above problems, the 
production method as set forth in Claim 5 is adapted so 
that the method further includes the step of performing 
aqueous polymerization using persulfate. Further, in order 
to solve the above problems, the production method as set 
forth in Claim 6 is adapted so that: the water-absorbing 
resin produced by the method has an absorbency of 36 
g/g or greater under no pressure where the absorbency 
under no pressure is measured after soaking the 
water-absorbing resin in physiological saline (0.9wt% of 
sodium chloride aqueous solution) for 60 minutes and 
then centrifuging the water-absorbing resin for 3 minutes 
bv a centrifugal separator at 250 G (250 x 9.81 m/S 2 ): the 
water-abosrbing resin produced by the method has an 
absorbency of 24 g/g or greater under high pressure 
where the absorbency under high pressure is measured 
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after the water-absorbing resin absorbs the physiological 
saline (0.9wt% of sodium chloride aqueous solutio n) for 60 
minutes while being applied with a load of 50.0 g/cm 2 
(4.90 kPa): and a hydrogel of the water-abs orbing resin 
produced by the method has a flow rate of 1 mm/ min or 
below where the flow rate is measured after the hydrogel 
is left for 16 hours in an atmosphere with a temp erature 
of 37°C and a relative humidity of 90%, the hydrogel being 
the water-absorbing resin that has absorbed a rtificial 
urine containing 95 g of urea, 40 g of sodium chloride, 5 g 
of magnesium sulfate, 5 g of calcium chloride, 4855 g of 
ion-exchanged water, and 0.005wt% of L-a scorbic acid 
(amount of contents) and consequently has swell ed for 25 
times larger. 

[0017] Further, in order to solve the above problems, 
the present invention is adapted so that a wa ter-absorbing 

resin produced by (i) performing, in the presence of 

internal cross-linking agent, aqueous polymerization 

using a hvdrophilic unsaturated monomer so as to 

produce a water-absorbing resin precursor, the 

h ydrophilic unsaturated monomer mainly containing 
acrylic acid and /or its alkali metal salt and (ii) adding, to 

the water-absorbing resin precursor, a surface 

cross-linking agent that is reactive with a carboxyl group 

contained in the water-absorbing resin precursor, and 

treating the mixture with heat, is adapted so that: the 
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water-absorbing resin has an absorbencv of 36 g/g or 
greater under no pressure where the absorbency under no 
pressure is measured after soaking the water-absorbing 
resin in physiological saline (0.9wt% of sodium chloride 
aqueous solution) for 60 minutes and then centrifuging 
the water-absorbing resin for 3 minutes by a centrifugal 
separator at 250 G (250 x 9.81 m/S 2 ); the water-absorbing 
resin has an absorbencv of 24 g/g or greater under high 
pressure where the absorbency under high pressure is 
measured after the water-absorbing resin absorbs the 
physiological saline (0.9wt% of sodium chloride aqueous 
solution) for 60 minutes while being applied with a load of 
50.0 g/cm 2 (4.90 kPa); and a hydrogel of the 
water-absorbing resin has a flow rate of 1 mm/ min or 
below where the flow rate is measured after the hydrogel 
is left for 16 hours in an atmosphere with a temperature 
of 37°C and a relative humidity of 90%. the hydrogel being 
the water-absorbing resin that has absorbed artificial 
urine containing 95 g of urea, 40 g of sodium chloride, 5 g 
of magnesium sulfate, 5 g of calcium chloride, 4855 g of 
ion-exchanged water, and 0.005wt% of L-ascorbic acid 
(amount of contents) and consequently has swelled for 25 
times larger. 
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